spring along the northern coast of the Gulf of Mexico are unable to reach breeding destinations in a single flight. A series of short flights may represent a better migratory strategy than attempting to cover the same distance in one long flight. Received 22 July 1996, Accepted 13 December 1996.
THE MORTALITY associated with intercontinental migration, although difficult to estimate, is probably substantial (Lack 1946, Ketterson and Nolan 1982) . Hence, migration may be a major limiting factor in the population dynamics of migratory birds, and factors that increase the cost of migration could have a disproportionate influence on overall population size. Many studies have shown that migratory landbirds have evolved behavioral and physiological responses to cope with contingencies that arise en route.
These responses may involve the amount and rate of fat deposition (Alerstam and Lindstrom 1990 ), stopover length (Bairlein 1985 , Biebach et al. 1986 , Moore and Kerlinger 1987 , habitat selection (Hutto 1985 , Bairlein 1992 Rappole et al. 1983 ). The study site (solid triangle) is located on the southwestern coast of Louisiana.
tude and reflect the degree to which the onset of migration is endogenously controlled (Hagan et al. 1991 ; see also Gwinner 1986 ). The diel pattern of capture presumably reflects variation in time of arrival at a stopover site, which influences time available to replenish energy stores.
Migrants that arrive late in the day may be more likely to stay for a day or more. (2) What is the energetic condition of migrants when they arrive along the northern coast of the Gulf of Mexico? Fat stores, which represent the principal source of energy during migration, vary within and among species Kerlinger 1987, Kuenzi et al. 1991) as well as within and among seasons. A migrant's fat load affects allocation of time to different activities (Metcalfe and Furness 1984) , foraging behavior (Loria and Moore 1990) , and the likelihood of migratory activity (Yong and Moore 1993) , in addition to migratory orientation (Able 1977, Sandberg and . All use subject to http://about.jstor.org/terms more rapidly than fatter migrants (Loria and Moore 1990) ; they also might remain at stopover sites longer than fatter migrants (Bairlein 1985 , Biebach et al. 1986 , Moore and Kerlinger 1987 , Kuenzi et al. 1991 . Otherwise, fat deposition and length of stay vary among species (e.g. Moore and Kerlinger 1987) and are affected by various factors, including distance of migration (Yong and Moore 1993) , sex (Morris et al. 1994) , migratory experience (Ellegren 1991) , habitat preference, and flight morphology (Yong and Moore 1994 Conservation implications follow from the answers to these questions. Long-term data sets have revealed population declines for some Nearctic-Neotropic landbird migrants over the past 20 years (Askins et al. 1990 , Peterjohn et al. 1995 . Although debate continues over the causes of population changes among landbird migrants (see McDonald 1994, Sherry and Holmes 1995) , the persistence of migrant populations depends on the ability of these birds to find favorable conditions for survival throughout their annual cycle. Hence, factors associated with the en-route ecology of migrants must figure into any analysis of population change (Moore et al. 1995 We estimated the amount of stored fat by two methods. First, the visible subcutaneous fat in the interclavicular fossa and on the abdomen was scored following a 6-point scale (see Helms and Drury 1960) . Fat scores provide a fairly precise index of fat stores as long as the variability between observers is controlled (Krementz and Pendleton 1990) . One observer determined fat levels on all individuals for each of the three years of the study. Second, fat-free body mass was estimated following Ellegren (1989 Ellegren ( , 1992 . Thrushes of each species were divided into groups with common wing lengths (1-mm increments). For each group, body mass was related to fat class by a linear regression. The body mass corresponding to fat class 0 was taken as the estimate of fat-free mass for birds corresponding to a particular wing length. The estimated value of the fat-free mass for each wing-length value was then related to the corresponding wing lengths by a second linear regression. The size-specific, fat-free body mass derived from the second linear regression was subtracted from body mass at capture to estimate fat stores of individual thrushes. A fat index was obtained by dividing estimated fat mass by estimated fat-free mass (X100).
We estimated stopover length by subtracting the date of first capture from the date of last capture. This yielded a conservative estimate because we assumed that thrushes arrived on the day of initial banding and departed on the day of last recapture (Cherry 1982) .
Individuals that were not recaptured were assumed to have departed from the study site the same day that they were banded and were assigned a stopover length of zero. For convenience, we referred to the thrushes captured after the day of initial capture as "recaptures" and the rest as "non-recaptures."
Body-mass change during stopover was estimated as the difference in mass between initial capture and Table 1 for sample sizes.
last capture, and as the correlation between condition index (mass/wing length) and time of capture for all individuals captured (following Winker 1995) . We assumed that water gain or loss was negligible (Nisbet et al. 1963, Rogers and Odum 1966) . The rate of mass change was calculated by dividing mass change by stopover length (g per day) (Moore and Kerlinger 1987 ). We applied a forward-selection regression model (SPSS 1994) to evaluate the relative effects of 
where M = body mass (kg), B = wing span (m), and S = wing area (m2). Energy for metabolism during migratory flight comes mainly from fat (Odum et al. 1964, Piersma and Brederode 1990 ). An energy equivalent of 31 kJ per gram change in body mass was used (Biebach 1992) . The daily timing of captures did not differ among species. Thrushes were caught throughout the day, with a peak between 0700 and 1000 (CST) for each species (Fig. 3) . Gray-cheeked
Thrushes that were recaptured were more likely to have been initially captured later in the day of (presumptive) arrival (median time of initial capture = 1500) than were birds that were never Table 1 among species (X2 = 41.4, df = 3, P < 0.001).
Recaptured thrushes gained body mass during stopover (average % gain = 2.6%, 2.3%, 2.1%, and 3.4% for Gray-cheeked Thrush, Swainson's Thrush, Veery, and Wood Thrush, respectively). The corresponding daily rate of mass gain was 1.96%, 1.16%, 0.57%, and 1.14%
for the four species, respectively.
Thrushes that stopped for shorter periods tended to lose body mass, or to gain less mass, during their stopover (Fig. 4) . About 50% of recaptured birds lost body mass during their first day of stopover, and body size had no effect on body-mass loss (Table 2) . When thrushes stayed for more than one day, body mass and rate of gain increased significantly in all species (Table   2 ).
The average stopover length of recaptured birds varied among species and ranged from 3.16 days for the Wood Thrush to 1.55 days for the Swainson's Thrush (Fig. 4) . The Gray- .94* 23** *, P < 0.05; **, P < 0.01; ***, P < 0.001; ANOVA among groups a 1 = not recaptured; 2 = stopover length of 1 day; 3 = stopover length of -2 days.
b Body mass at initial capture -body mass at last capture.
c Mass change/stopover length.
d (Mass change/body mass at 1st capture) x 100/stopover length; t-test between groups 2 and 3.
e% of individuals in group that lost body mass; x2 goodness-of-fit between groups 2 and 3.
ered (Kruskal-Wallis test, x2 = 12.40, df = 3, P < 0.01) but were not different among the three Catharus thrushes (X2 = 1.96, df = 2, P > 0.05).
Stopover length was not affected by body size because wing length was essentially the same among individuals that stopped for different lengths of time (Table 2) .
We predicted stopover lengths of recaptured thrushes by applying forward-selection regressions using amount of fat stores at initial capture and last capture, rate of mass gain, and date of capture (Table 3 ). The analysis suggested that length of stopover was negatively related with the amount of fat stores at initial capture, rate of mass-gain, and capture date. The order of the variables that were selected into the model was consistent among species, with fat stores at last capture entering first followed by the fat stores at initial capture, rate of mass gain, and capture date. The amount of fat stores at last capture accounted for 24-44% of the total variance in stopover length. Fat stores at initial capture accounted for 11-29% of the total variance, and the rate of mass gain accounted for another 13-20% of the total variance in stopover length. grounds (Dilger 1956 , Graber et al. 1971 , Hagan et al. 1991 , Winker et al. 1992 (Hagan et al. 1991) , food availability en route and on the breeding grounds, competition for breeding space (Cox 1985 , Greenberg 1986 , physiological tolerance for unpredictably low temperature in early spring (Swanson 1995) , and the endogenous migration schedule (Safriel and Lavee 1988) .
The seasonal decline in wing length that we observed may be related to differential migration between the sexes, among age classes, or among populations. Among thrushes, males tend to have longer wings than females and yearlings (Pyle et al. 1987 ). Also, other breeding studies have suggested that arrival times of thrushes vary with sex and age. Consequently, such factors are likely to contribute to seasonal changes in wing length of thrushes captured during migration. For example, male thrushes arrive on the breeding grounds ahead of females, based on behavioral observations (Dilger 1956 ), and Francis and Cooke (1986) Daily patterns.-Radar observations of spring landbird migration in southwestern Louisiana (Gauthreaux 1971) revealed that peak arrival of radar observations, which would lead us to expect a midday peak, and the mist-net data probably represents a confounding of the daytime activity pattern of birds that stayed overnight and newly arrived migrants. We tested this hy- Fat stores, body-mass change, and stopover length.-Thrushes that stopped for more than a day tended to loss mass initially, but thereafter gained mass at a rate of 6 to 8% of their initial mass per day. That rate equals or exceeds theoretically calculated maximum fat deposition rates for thrush-sized passerines (Lindstrom 1991) . Based on fat deposition rate alone, coastal woodlands such as our study site represent suitable places for thrushes (as well as other passerines; see Moore and Kerlinger 1987) to replenish depleted fat stores during migration.
Although we assume that mass differences reflect differences in fat stores, other factors may contribute to changes in mass (see Lindstrom and Piersma 1993) . Some mass gain may be attributed to water uptake, especially if migrants become dehydrated during long flights (Biebach 1991 , Leberg et al. 1996 ). An increase in body mass also may reflect a return to premigratory levels of fat-free mass if migrants catabolize some of their reserves (see King and Murphy 1985) to offset heightened energy demands during long, nonstop flights (Bairlein and Totzke 1992) .
Initial declines in body mass upon arrival at stopover sites are typical among long-distance migrants (e.g. Rappole and Warner 1976 , Moore and Kerlinger 1987 , Lindstrom 1995 . Explanations for this mass loss include effects of capture and handling (Nisbet and Medway 1972) , recovery from poor physiological condition after migration (Carpenter et al. 1993) , competition among conspecifics Warner 1976, Moore and Yong 1991) , and inefficient foraging because of unfamiliarity with the stopover site.
Capture and handling could deprive birds of foraging time and cause stress or injury. However, we found no relationship between mass change and number of times individuals were recaptured. We also found that the initial body mass was similar among individuals that lost body mass and those that gained mass, which suggests that the initial body mass decline was not related to body condition at arrival. We speculate that unfamiliarity with stopover habitat, and competition for food resources among migrants, are the most important factors contributing to the initial loss of body mass in thrushes.
Length of stopover often depends on the migrant's energetic condition (i.e. fat stores) upon arrival (e.g. Bairlein 1985 , Biebach et al. 1986 , Moore and Kerlinger 1987 , and our results are consistent with this pattern, although energetic status is not the only contributing factor. Arrival date, rate of fat deposition, and amount of fat gain affected length of stopover. The latter two are probably related to habitat quality at stopover sites (Hutto 1985 Rates of fat deposition, stopover lengths, and fat loads attained among the thrushes that stopped at our study site reflect in part the quality of the habitat (see Moore et al. 1995) . In general, lean migrants stay longer than birds that have not mobilized fat stores (e.g. Bairlein 1985 , Pettersson and Hasselquist 1985 , Biebach et al. 1986 , Moore and Kerlinger 1987 , Kuenzi et al. 1991 . Even among lean birds the probability of staying is dependent on habitat quality (Rappole and Warner 1976) . The combination of low fat stores and a high probability of replenishing stores should induce a migrant to stay at a stopover site. Low fat combined with a low probability of replenishment should favor departure to search for more suitable stopover habitat (Rappole and Warner 1976) . For example, although Gray-cheeked Thrushes can expect to gain mass at our study site, our simulation suggests that a stopover of about four days would be necessary to deposit fat stores sufficient for a flight of 600 km, which is a much shorter distance than that needed to reach their highlatitude breeding grounds.
A migration strategy characterized by brief stopovers, reduced fat loads upon departure, and a series of short flights may be advantageous (Piersma 1987) . Our simulations suggest that if thrushes stop 10 times en route and take on fat stores equal to 5% of body mass during each stop, then they would achieve a flight distance that is 20% longer than if they deposited the entire fat stores (50% body mass) at a single stopover site. This "low fat stores-short stopover" strategy depends on the predictability of stopover sites, the availability of food resources, and the cost of settlement among potential stopover sites (see Alerstam and Lindstrom 1990) .
A migrant that departs a stopover site with reduced fat stores has a smaller "margin of safety"
to buffer the prospects of experiencing a poorquality site or arriving during adverse weather at the next stopover (see Moore and Kerlinger 1991) . Moreover, migrants arriving on their breeding grounds with endogenous fat stores to spare may be better able to meet contingencies that arise during the onset of the breeding season and to offset time constraints associated with breeding at high latitudes . It is well established, for example, that the prebreeding nutritional condition of parents affects reproductive success (Drent and Daan 1980) . Hence, the availability of resources in the form of endogenous fat stores acquired during passage should improve parental condition and influence reproductive success in migrant landbirds.
Undertaking long flights that require large fat loads may be the best strategy if high-quality stopover sites are limited in availability or occur unpredictably along the migratory route (Weber et al. 1994) . The migration of Catharus thrushes, for example, evolved against a landscape that is quite different from what they encounter today. Deforestation and habitat fragmentation may reduce the number as well as the quality of stopover sites (see Moore et al. 1993) . If landbird migrants cannot periodically replenish fat stores, or cannot do so quickly because they experience difficulty locating high-quality sites, then the probability of successful migration will be reduced.
